ABSTRACT This paper presents a study of Norwegian Upper Secondary School students' writing process in English with: 1) feedback from an essay critiquing system (EssayCritic) (target class) and 2) feedback from collaborating peers (comparison class). The students in both classes significantly improved their grades. In the target class, the feedback from EssayCritic gave content-specific cues and the students included more ideas in their essays than the students in the comparison class who struggled when giving feedback to each other.
INTRODUCTION
Development of written communication is one of the competence aims of the Upper Secondary School English subject curriculum in Norway 1 and in common with other countries feedback and assessment for learning (AfL) have been encouraged in Norwegian schools 2 (Bueie, 2015; Gamlem & Smith, 2013; Røyeng, 2010) . Feedback has been employed in formative assessment to promote the development of students' writing skills (Black & Wiliam, 2009; Hattie, 1999) and AfL has been defined as a classroom practice that involves dialogue and feedback loops between teachers and peers during subject specific problem solving (Gamlem & Munthe, 2014) . New digital technologies open up opportunities by providing automated feedback (Dikli, 2006; Kukich, 2000; Sireci & Rizavi, 2000) and specifically for enhancing the development of students' writing skills in English (Lee, 2007; Mørch et al., 2005; Winerip, 2012) .
Although several studies have explored the types and the role of feedback teachers and peers give on students' writing (Yang, et al., 2006; Zhao, 2010) , to the best of our knowledge none has examined and compared the writing process in English with computer-generated feedback and peer feedback from collaborating peers. By taking a cultural-historical perspective (Edwards, 2005; Galperin, 1969; Vygotsky, 1980) , this study aims to fill this gap. The study was undertaken in an Upper Secondary School in Norway, involving one hundred and twenty five students aged 16-17 who wrote essays on the topic English as a Global Language. We examined students' writing processes under two conditions of mediation: with the feedback from EssayCritic (target class) and with the feedback from collaborating peers using a set of available (non-computerized) support tools (comparison class).
Feedback in the writing process
The complexity of writing as a process of discovery, learning and communication through language has been emphasized by several researchers (Graves, 1975 (Graves, , 1994 Murray, 1999) . Over forty years ago, Murray identified three phases in the classroom writing process: prewriting, writing and rewriting. Prewriting is everything that takes place before the first draft, writing is the act of producing the first draft and rewriting includes reconsideration of subject, form and audience (Murray, 1972) . Along the same lines, Hayes and Flower observed that writers employ the following processes: planning, translating (or sentence generation) and revising (Hayes & Flower, 1986 ). Later the model was revised (Hayes, 1996) where planning was replaced by reflection, translating by text production and revising by text interpretation. In general, learn- ing to write has been defined as a complex developmental process (Graves, 1983) where feedback as active intervention mediates learning within the activity of writing (Graves, 1982; Thompson, 2013) .
Previous research (Black & Wiliam, 2009 ) has conceptualized feedback consisting of five key strategies: clarifying and sharing learning intentions and criteria for success; engineering effective classroom discussions and learning tasks that elicit evidence of student understanding; providing feedback that moves learners forward; activating students as instructional resources for one another and as owners of their own learning. According to Hattie and Timperley (2007) , effective feedback must answer three major questions: Where am I going? How am I going? and Where to next? These questions correspond to the notions of feed up, feedback and feed forward (Hattie & Timperley, 2007) . Four levels of feedback have been identified: feedback about the task, about the processing of the task, about self-regulation and about the self as a person. It has been argued that feedback on how to complete a task is the most effective, whereas feedback related to praise, reward and punishment is the least effective (Hattie & Timperley, 2007) . However, research shows that in English writing classes assessment of learning often dominates over assessment for learning (Lee, 2007) .
Echoing international research, Norwegian studies reveal that feedback on students' writing tends to be general and unspecific, consisting mainly of praise, and consequently lacking information on what to do next (Danielsen, et al., 2009; Furre, et al., 2006; Klette & Hertzberg, 2002) .
Previous research in computer-based feedback systems includes automated essays scoring (AES). AES systems assign scores to essays written for educational purposes. The score is dynamically determined by machine learning and statistical techniques based on a set of training examples, which typically range from about twenty to several hundred, dependent on the learning algorithms and the desired precision of the feedback (Dikli, 2006) . On the one hand, proponents argue for the success of AES systems in terms of how well they compare with the accuracy and reliability of human evaluation (Chung & O'Neil Jr, 1997; Sireci & Rizavi, 2000) . On the other hand, critics have pointed out that AES systems can often be fooled by intentionally gibberish essays giving them higher scores (Kukich, 2000; Winerip, 2012) . Our version of AES adopts a "qualitative" approach to presenting feedback by asking the students for specified content to be elaborated in their essays instead of the more common "quantitative" approach of presenting scores along a numerical scale.
Despite the considerable improvement of automated formative feedback systems (Shermis & Burstein, 2003) , developers acknowledge that it is infeasible for computers to measure every aesthetic property of writing (Landauer, et al., 2003) . In addition, classroom teachers express worries that the type of writing being measured with these systems is mechanistic, formulaic in nature and divorced from real-world contexts. Hence, more research is needed to examine (Ware, 2011) .
Early studies of EssayCritic (Mørch et al., 2005) showed that it is a useful tool to facilitate writing in English, as it supplements teachers' feedback. A study in Hong Kong found no significant difference between the grades achieved by students who used EssayCritic and those who revised their texts themselves (Lee, et al., 2009) . A later study of the same system (Lee, et al., 2013) compared two conditions: one group that received feedback from EssayCritic and from the teacher, and another group that received feedback from the teacher only. The essays of the group that received two types of feedback were richer in content than the essays of the other group.
Research in peer assessment indicates its summative and quantitative nature, with a strong reliance on scoring and grading (Falchikov & Goldfinch, 2000) ; and an emphasis on grammar mistakes and other writing errors (Hansman & Wilson, 1998) . Despite peer assessment being increasingly used during group work, the link between peer assessment and collaborative learning has not been the subject of much research (Sluijsmans & Strijbos, 2010) . To the best of our knowledge, no studies have compared peer feedback and computer-generated feedback in formative assessment in English composition.
Cultural-historical perspective on the development of writing skills
In exploring feedback in writing processes that include both collaborative (discussion) and individual (text processing) activities, we draw on Vygotskian cultural-historical theory. Vygotsky distinguished between social learning and individual development (Vygotsky, 1981) , where the latter requires changes in the psychological functions of the learner (Chaiklin, 2003) .
Development according to cultural-historical theory (Claxton, 2007; Edwards, 2015) requires employing the cultural tools central to practices. In the case of writing, learning that leads to such development involves feedback to be used by students in their development as writers. However, Vygotsky did not specify how the particular content of instruction (feedback) is related to development, and how specific qualities of the tools acquired by the child affect development. A cultural-historical scholar Galperin (Galperin, 1969; Haenen, 2001) has greatly extended Vygotsky's arguments about the leading role of instruction in the child's development by specifying the kind of instruction that can play such a role (Stetsenko & Arievitch, 2002) . Galperin proposed six phases of socially meaningful activity that have implications for pedagogy (Edwards, 1995) and more specifically for the development of writing skills: (1) motivation, (2) orientation, (3) materialized action, (4) communicated thinking, (5) dialogical thinking, and (6) acting mentally (Haenen, 2001; Rambusch, 2006) .
In the initial motivational phase, a learner's attitude and relation to the learning outcomes that have to be achieved is formed. In the second orientation phase, Galperin identified three types of orientation: (a) incomplete, where mediational means are identified by learners through trial and error; (b) complete, where learners are informed about all the mediational means necessary to solve a particular problem; and (c) complete, but being constructed by learners based on a general approach. In the third phase of a materialized action, learners interact with material or materialized objects, and over time become less dependent on the material support they give and more aware of the meanings they carry. Speech becomes the main guiding tool in the fourth phase of communicated thinking. The fifth phase, dialogical thinking, establishes a dialogue of a learner with him or herself, so that the action first carried out externally on material objects is being transformed mentally. In the final phase of acting mentally, an action has become a pure mental act with the focus on the outcome of the action (Haenen, 2001; Rambusch, 2006) .
According to Galperin, the orientation phase is of particular importance as it introduces mediational tools to learners that will assist and guide further learning process. Two different types of feedback as meditational tools are in the focus of our study: automated and peer. Galperin's pedagogical phases may inform teachers and researchers about the complexity of the processes involved in a learner's move from, for example, orientation to the potential of advice on how to write, to the ability to act as a writer. Therefore, the quality and appropriateness of the feedback guiding students' writing process would seem to be crucial. From this perspective we address the following research question:
How do different types of feedback assist students in their writing process?
METHOD Participants and setting
Data was collected during the autumn term 2014 in an upper secondary school in Norway that had AfL as a focal area. One hundred and twenty-five students (aged 16-17) from five classes, five teachers and four researchers participated in the project. The teaching plans that preceded the essay writing activity had been discussed and standardized with the teachers who were involved in the project. Previous to the writing activity, the students had covered the same study topics from the textbook Passage (Burgess & Sørhus 2009 ) as sources of information for their essays. The text of the assignment of the essay had been created in collaboration between five teachers and two researchers (the authors): "Write an essay on the topic of English as a Global Language: Explore how English was spread around the globe, and present the most important reasons for this development" (300-400 words).
In the first round, the students in five classes wrote the first version of the essay using only a laptop as a writing tool. The learners did not have access to any source materials. Eleven best essays from three classes were selected to code for the subthemes of the topic "English as a Global Language" and to train EssayCritic (see section EssayCritic System).
The remaining two classes (48 students) were assigned as the target and comparison class. The students of the target class uploaded the first draft to EssayCritic and after they had discussed the feedback received from the system with their peers, they produced the second draft. The students of the comparison class read each other's essays and gave advice on how to create the second draft. All the students repeated the process of receiving feedback and revising their essays one more time, which resulted in the production of the third draft handed in to the teachers for final evaluation.
During the interventions, the teachers circulated among the groups and responded to questions. The researchers did not interfere in the group work.
EssayCritic System
EssayCritic (EC3) is a web application that analyzes uploaded essays with the help of a Decision Tree machine-learning algorithm (Quinlan, 1986) , synonyms from dictionaries and a lexical database for English WordNet (Fellbaum, 1998) and generates feedback based on the content of the essays. Before using the system, a concept tree representing the essay topic was created. The teachers identified eleven subthemes for the topic by using a chapter in Passage (Burgess & Sørhus 2009) , and the researchers decomposed each subtheme into simpler concepts, represented by a few phrases or word expressions taken from the students' essays that were selected to train the system, together with the synonyms from the dictionaries and the WordNet lexical database. In doing this, a "model" was created and the process of training the system took approximately one month.
Once a new essay was written and uploaded by a student, the system computed a score for the uploaded essay's similarity with the model for each of the subthemes. If this score was below a threshold value, "critique" was given for missing the corresponding subtheme, and if above the threshold, the subtheme was considered to be a part of the essay, and was highlighted in the essay as a phrase or sentence. Figure 1 shows the screen pictures of EC3 in the praise (leftmost picture) and critique (rightmost picture) modes. 
Data analysis
Three groups of four students in both classes were video recorded. Another camera followed the teachers. Nine hours of video recordings were transcribed according to the Jeffersonian transcription notations (Atkinson & Heritage, 1999 ) (Appendix A). Field notes taken during class observations were used to contextualize the data collected (Derry et al., 2010) . In total 96 essays, including 24 pre-tests (the first draft) and 24 post-tests (the third drafts) from both classes, were marked on the scale 1-6 by the classroom teachers and an independent English teacher.
To analyze the data we applied mixed methods (Creswell, 2012) . The paired ttest was used to analyze the improvement between pre-and post-tests and the number of subthemes included in the pre-and post-tests. Cohen's d (Cohen, 1992; Field, 2013) was calculated to evaluate the effect size of this improvement. We used the independent t-test (Cohen, et al., 2011; Field, 2013) to calculate: a) statistical difference between the results of the pre-and post-tests and b) statistical difference between the number of subthemes included in the preand post-tests.
Two interaction extracts from the target and comparison classes analyzed qualitatively are presented. The groups were selected because the students were verbally active and the chosen extracts represent typical discussions that happened in the observed groups. The analytical procedure was inspired by inter- (Jordan & Henderson, 1995) . The primary unit of analysis were sequences and turns rather than isolated utterances (Linell, 2009) . Once the interaction analysis was completed, the interactions were examined through the analytic lens offered by Galperin's types of orientation and pedagogical phases.
RESULTS

Analysis of pre-test and post-test data
In order to evaluate the writing process, we compare the results of the first (pre-test) and the last (post-test) drafts of students' essays. Forty-eight pre-and post-tests from both classes marked on the scale 1-6 constitute the quantitative data. Our analysis is based on the grades awarded by the independent teacher. The results of the pre-and post-tests are presented in Table 1 .
The paired t-test (Cohen et al., 2011) shows a significant difference between the average grades of the pre-and post-tests in both classes. Cohen's d (Cohen, 1992; Field, 2013) indicates large effect 3 in both classes. The independent t-test (Field, 2013) shows no significant statistical difference 4 between the grades of the pre-tests in the target and comparison classes and no significant statistical difference between the grades of the post-tests in the correspondent classes.
These results triggered our interest to do further analysis and in Table 2 we present the average number of subthemes in the essays in both classes. The paired t-test indicates a significant difference between the number of subthemes included in the pre-and post-tests in both classes. Cohen's d reflects large effect achieved in both classes. The independent t-test shows significant statistical difference between the number of subthemes in the pre-and posttests: p= .000. The students in the target class included significantly more subthemes (almost twice as many) in their post-tests than the students in the comparison class.
The students in both classes achieved similar grades on their final drafts. However, the students in the target class included significantly more subthemes than the students in the comparison class. This encouraged us to take a closer look at the learning process and analyze student-student interactions qualitatively.
Analysis of the interactions of the students of the target class
In extract 1, four students are sitting around the table with open laptops. They have uploaded version 1 essays to EC3 and received feedback on the missing subthemes: in Galperin's terms, the learners are in the phase of communicated thinking. The group has just finished discussing the feedback Silje received. It is Thea's turn to share her feedback with the group. The names of the students have been changed for anonymity. The extract emphasizes the role of the generated feedback: two subthemes prompted by EC3 trigger a conversation and one of the feedback messages relates to the sentence in Silje's essay (line 2) extended by Thea (line 3). The students engage in the discussion by giving examples from their personal experience, which might serve as a way of making brief feedback more meaningful (lines 4-8). Summarizing their discussion, the girls draw a conclusion that English is very important for working life (lines 9-13).
The discussion may enable the learners to incorporate new ideas in their essays and hence, promote the development of their writing skills. In fact, Thea included the following in her final draft:
"Today we find English all over the globe. In today's society you have to have some basic language to get around. You almost can't visit a website without some knowledge of English, and you can't watch TV without knowing English. We use English everywhere, we are surrounded with it. We use English in science and technological innovations and to get a good This shows that the ideas EC3 had prompted appeared twice: 1) when talked about in groups and 2) incorporated as a new text in the essays.
Analysis of the interactions of the students of the comparison class
In extract 2, four students are sitting around the table with open laptops. They have received their first drafts from the teacher who graded them, without giving any feedback: the learners are in Galperin's phase of communicated thinking. Jonas and Tobias have read each other's essays and Jonas is in the middle of giving feedback to Tobias.
Having looked through the assessment rubric, Tobias realizes that he has covered the historical reasons for the spread of English, but he is lacking other ideas (line 4). Jonas mentions music (line 5) and Tobias interprets this as "media, music, films and TV series" and generalizes it to "entertainment" (line 8). By eliciting each other's thoughts, the two peers attempt to develop their understanding of how to improve their essays. However, the students are somewhat unsure if they are moving in the right direction (line 12). Tobias includes the following in his final draft:
" …the US has taken the role of a mass producer of media and entertainment in the world. After the Second World War, Europe was in ruins. The EXTRACT 2
Jonas:
If you want, you can write about the upper class situation with learning English.
Tobias:
It isn't coming naturally here, that's the point. And that's about history and I don't want more history.
Jonas:
No, you need other things.
Tobias:
Because ((takes the assessment rubric)) I have already five or six sentences about history, I don't think I need more.
Jonas:
It's so difficult not to talk about history because the whole book is about history. Have you talked about music?
6. Tobias: Music? I say media, perhaps I should mention music. I say media and entertainment.
7.
Jonas: You can specify, but that's not needed really.
Tobias:
Then there will be producing of media, music and films and TV series ((laughing)) I feel like I want to write entertainment. It feels like it's easier. " With all new smartphones and streaming possibilities of films and music, we are hearing English more than we used to. With streaming programs like Netflix and Spotify, you can watch Titanic or listen to The Beatles on the bus. The massive information we receive from international news pages also influences us".
These paragraphs reflect the extent to which the two students are able to incorporate the spoken dialogs in their writing. Tobias chooses to write about the Unites States' role in the production of the world's media and entertainment from a historical perspective, whereas Jonas refers to the opportunities offered by streaming. The students' uncertainty about the type of feedback that should be given results in different interpretations of the ideas discussed when transferring them from speech to writing.
The analysis of extract 2 reflects that giving feedback can be difficult for learners. Nevertheless, by using the assessment rubric and exchanging personal ideas, the students are able to provide feedback suggesting potential improvements for their essays.
DISCUSSION
By adopting a cultural-historical perspective, this study explored students' writing processes in English through the exposure to two different types of orientation (see section Cultural-historical perspective on the development of writing skills). In this section we discuss the main findings in relation to Galperin's theory and previous research.
Target class
Galperin's types of orientation (Haenen, 2001; Rambusch, 2006) suggest that the students in the target class were exposed to so-called complete orientation.
In other words, the mediational means needed for the learners to receive individual feedback (EC3), elaborate on it (group discussions) and improve their drafts were available and contributed to the significant improvement the students achieved from the pre-to post-tests. The analysis of students' interactions revealed that the discussions in the target group were triggered by the feedback generated by EC3, then elaborated and made sense of by referring to the learners' personal experiences. In this way, collaboration might have contributed to the development of students' understanding of the automated feed- back, which might have resulted in a greater variety of subthemes included in the final drafts. This potentially indicates the need for incorporating group discussions when students' writing is supported with computer-generated feedback.
These findings reflect the role of EC3 in constantly assisting the students during the writing process by providing individual feedback to all learners simultaneously on multiple occasions and drafts. In doing this, EC3 supplements the teacher's facilitating of students' writing process (Lee et al., 2013) . In addition, EC3 assisted the students in their analysis of essays by identifying the missing and covered subthemes, which was challenging for the learners in the comparison class. In this respect, the feedback from EC3 coincides with the five key strategies of formative assessment (Black & Wiliam, 2009) : it clarifies and shares learning intentions and criteria for success (feedback on covered and suggested subthemes); engineers effective classroom discussions that elicit evidence of student understanding (initiated group discussions); provides feedback that moves learners forward (suggested subthemes); activates students as instructional resources for one another (initiated group discussions), and as owners of their own learning (individual feedback on multiple drafts and occasions).
On the one hand, EssayCritic is unique in two respects: 1) it utilizes semantic matching using Decision Tree learning algorithms to compute feedback on text-based artifacts and 2) it provides formative feedback which is dynamically computed based on the best essays produced by the community of learners and used to compare individual essays against it, suggesting further improvements in a cycle of write/rewrite activities.
On the other hand, the feedback given by EC3 was framed by the contextual constraints of the textbook Passage (Burgess & Sørhus 2009 ) and the pedagogical choices of the teachers made when identifying eleven subthemes to train the system (Landauer, et al., 2003; Ware, 2011) , which might have narrowed the choice of the subthemes included in the essays. Consequently, the study raises the question of the need for teachers to critically analyze the cost-benefits of using computer-generated feedback as formative assessment in the writing process. In addition, reflecting on the four levels of feedback (Hattie & Timperley, 2007) , EssayCritic provides only feedback about the task, but not about the processing of the task. This may be addressed as potential improvements of EssayCritic in further research.
Comparison class
The learners in the comparison class also achieved significant improvement from pre-to post-tests. However, the students' discussions showed that giving feedback was challenging. The learners were unsure about what kind of feedback to give and what tools could assist them. The peers had to identify useful resources when giving feedback, which indicates that they were exposed to the This article is downloaded from www.idunn.no. © 2015 Author(s). This is an Open Access article distributed under the terms of the Creative Commons CC-BY-NC-SA 4.0 License (http://creativecommons.org/licenses/by-nc-sa/4.0/ orientation of the third type (Haenen, 2001; Rambusch, 2006) : complete but created by learners based on a general approach. The assessment rubric with the list of the subthemes, the students' essays, the peers and the teacher were the resources available and the students' previous experience in the AfL practice served as a general approach they were to pursue. The learners struggled in their attempt to give feedback: the analysis revealed that the students relied on their general understanding of what had to be improved (Hansman & Wilson, 1998) . The assessment rubric, however, was occasionally used as a guiding tool. By reading each other's drafts, the students might have acquired another insight, as one source for ideas to write about. However, students' uncertainty about the type of the feedback that would improve their drafts resulted in different interpretations of the mutually discussed ideas. The quantitative analysis showed that the students in the comparison class included fewer subthemes in their final drafts.
Directions for further research
Our findings suggest that further research is needed to explore: 1) whether EC3 can be modified so that it would provide feedback both on the task and on the processing of the task (Hattie & Timperley, 2007) ; 2) whether the students exposed to the complete orientation are able to transfer their feedback-giving skills gained working with EC3 to other learning situations without access to EC3, 3) the role of the teacher facilitating students' writing with EC3; and 4) our tentative hypothesis that group discussions based on the feedback given by EC3 are more likely to be incorporated in the text compared to other conditions. 
APPENDIX A
